Abstract. We report on the POLAR/CEPPAD discovery of a trapped, 60ø<0<120 ø pitch angle electron population in the outer cusp (7-9+ P•e), whose energetic electron component extends from below 30 keV to ~2 MeV. Because the time variability in the outer cusp precludes mapping with POLAR, we have carried out test particle simulations using the Tsyganenko 1996 model (T96) to demonstrate the trapping of these energy electrons in the outer cusp region and the resonant frequencies of its trapped motion. We discuss the boundaries and regions of the cusp trap and show that it is analogous to the dipole trap. We show that the phase space densities observed there are equal or greater than the phase space densities observed in the radiation belts at constant magnetic moment, thus allowing the possibility of diffusive filling of the radiation belts from the cusp.
Introduction
The Earth's magnetosphere has the important topological property of a magnetic bottle, field lines that have stronger magnetic field strength at the ends than in the middle, thereby permitting the trapping of plasma netopause (8-10 P•e), with noticeably reduced magnetic field strengths, having broadband electrostatic and magnetic wave power, and generally within some radial distance (2-3 P•e) of the topological minimum B point. We do not define the outer cusp with respect to a particle population for the same reason that the plasmasphere, radiation belts, and ring current define overlapping regions in the dipole magnetosphere. We observe a trapped energetic electron population in the outer cusp on this orbit, generally during the two seasons per year when the POLAR orbit precesses through this region. Data from TIMAS and HYDRA on this day show that magnetosheath plasma was first encountered at 0100, at which time EFI showed an abrupt increase in broadband noise. HYDRA showed brief bursts of magnetosheath electrons between 0100-0230 that appeared to be anti-correlated with IES and HIST trapped energetic electrons. These short magnetosheath plasma encounters ceased by 0230 along with most of the EFI be trapped in the cusp of a T96 magnetosphere for ß > 300 seconds (i.e., many drift orbits), though admittedly without an electric field. Examination of particle trajectories in this region shows that although they lack a dipolaf 2nd and 3rd invariant, since they never cross the dipole magnetic equator, we can find an analogous 2nd and 3rd "cusp" invariants of the motion if we define the "cusp equator" to be the surface of minimum IBI along field lines that approach the cusp. Thus we can uniquely identify these invariants in analogy to a dipole by their pitch angle and lB01 at the crossing of the cusp equator. In Figure 2 Recognizing that the cusp possesses three adiabatic invariants of the motion, we can characterize the trapped plasma in the cusp by direct analogy to the well-known dipole trap. High energy plasma is dominated by VBdrift whose closed drift paths form an annulus analogous to radiation belts. Low energy plasma is dominated by E xB-drift, which because of the lack of an analogous corotation field, distorts the drift orbits and sweeps away plasma below some threshold energy, _•30 keV. The finite size of the cusp produces energy-and mass-dependent inner and outer spatial limits on trapping, analogous to the inner and outer edge of the radiation belts. Finally, the limits on the strength of the mirror force arising from topological considerations produce analogous pitch angle loss cones. Unlike the dipole trap, in which the loss cone loses particles to atmospheric scattering and charge exchange, the cusp loss cone loses particles to the dipolar magnetosphere or the mantle, so in one sense, the cusp trap is half-embedded within the dipole trap. 
Discussion and Conclusions
We have shown that the POLAR spacecraft observed trapped MeV electrons in the Earth's cusp, and that these distributions are consistent with particles trapped in the outer cusp simulated using the Tsyganenko 96 model. Although this trapping geometry is quite different than the standard dipole geometry, we show that an analogous three invariants of the motion exist for this trapped population as well. The peak in the observed phase space density at the location of the outer cusp suggests both that the particles are being accelerated in situ and that they are a potential source population for diffusion into the dipole radiation belts. If so, this would provide a neat solution to the puzzle of the origin of the outer radiation belt electrons. However, diffusion in pitch-angle as well as in L-shell would be required to transport these particles from the outer cusp to the radiation belts, since the radiation belt pass is at a higher magnetic latitude which maps the trapped flux into the wide loss cones of the outer cusp. Furthermore, the minima between these trapping regions at 0330 UT indicates that any transport between them is either taking a circuitous route or is necessarily time-dependent. In a later paper we present the result of a time-dependent radial diffusion model of the outer radiation belt.
